A long-term study (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002) of water-borne nutrient and suspended solids dynamics was undertaken on the lower Don River, which plays an extremely important role in the water supply of the Black Sea and Azov Sea basin. Suspended solids were greatest in spring and summer and were correlated to river discharge. Mean annual nitrogen concentrations increased from 1986 to 1995 and then decreased from 1996 to 2002. Unlike nitrogen, phosphorus concentrations (both phosphates and total phosphorus) gradually increased throughout the study period changing the river from an oligotrophic to upper mesotrophic status. If this trend continues phytoplankton could become nitrogen-limited leading to the development of nitrogen-fixing cyanobacterial blooms. No obvious relation between fertiliser usage over the Rostovskaya Oblast and nutrient dynamic patterns was identified, probably because only 10% of the water in the river comes from this area. The reason for the unusual and contradictory nitrogen and phosphorus changes remain largely unknown for this regulated river.
INTRODUCTION Nutrient loads to aquatic systems and eutrophication
Excessive input of major nutrients (nitrogen (N) and phosphorus (P)) to ambient waters remains one of the most serious threats to the environment in many countries (Worsfold et al. ) . According to the United States Environmental Protection Agency (USEPA): 'Nutrient pollution, especially from nitrogen and phosphorus, has consistently ranked as one of the top causes of degradation in some US waters for more than a decade. Excess nitrogen and phosphorus lead to significant water quality problems including harmful algal blooms, hypoxia and declines in wildlife and wildlife habitat' (USEPA a). The analysis of longterm data from 1975 to 2000 on the N and P levels in 22 rivers and 173 lakes in Finland revealed that despite serious nutrientcontrol measures undertaken nationwide and a general trend to decline, the nutrient levels in many water bodies (especially agriculture, the ecological status of many surface waters is considered as poor because of relatively high discharges of N and P with agriculture suggested as the major source (Oenema et al. These examples from different regions of the world show that N and P pollution still represents an environmental threat and study of this problem is a topical issue.
USEPA lists the main sources of N and P in river, stream and lake waters: overuse of fertilisers (both residential and agricultural usage); rainfall flowing over cropland, animal feed lot operations, and pastures that move animal wastes into water bodies; rainfall flowing over urban and suburban areas; discharge of N and P from waste-water treatment plants; and overflow from septic systems (USEPA b).
Studies performed in the semi-arid regions of the USA (i.e. in conditions similar to the Rostovskaya Oblast) have shown that chemical transport of nutrients was affected by storm water runoff, soil drainage, irrigation and how streams were linked to shallow groundwater systems. Irrigation practices and timing of chemical usage also greatly affected nutrient transport in semi-arid basins (Domagalski et al. ) . The studies (1990 to 1998) revealed that mean concentrations of total phosphorus (TP) and total nitrogen (TN) over the study period were greatest in rivers draining sub-catchments with the highest proportions of vegetable polders and urban development, and lowest in those draining a higher proportion of forest and scrubland (Winter et al. ) .
Chracteristics of the Don River
The Don River is one of the largest rivers in the European part of Russia. It is 1,967 km long and the basin area is 422,500 km 2 . The river and its tributaries flow through 17 regions of Russia and the Ukraine and discharge into the Taganrog Bay of the Azov Sea. Many Russian and Ukrainian cities (e.g. Kharkov, Rostov-on-Don, Voronezh, Belgorod, Lugansk) are situated in its basin along with some of the largest industrial enterprises of the Donbass industrial region (Eastern Ukraine and Southern Russia). The basin is densely populated (50-100 inhabitants per km 2 ) and is used intensively for agricultural production (Kimstach et al. ) .
In its lower reaches the Don River flows through territories with characteristics similar to those of the semi-arid regions of the USA where highest nutrient loads occurred (Winter et al. ) . The Rostovskaya Oblast represents an economically important region having well-developed intensive agriculture, which means an abundance of potential sources of pollution by N and P compounds. More than 60% of gross agricultural production is the production of crops, with the most important being grains that occupy about half of the cropland area. Rostovskaya Oblast holds fourth place in Russia for grain production. Production of sunflower seeds is another important crop, accounting for more than 20% of the total national production of these seeds (first amongst all other Russian regions). Horticulture (gardening) and viticulture are also well developed in some areas of Rostovskaya Oblast. The oblast ranks fifth in Russian production of vegetables (tomatoes, cucumbers, peppers, pumpkins, onions, etc.) . The livestock sector (seventh in Russia) specialises in dairy and meat production along with sheep, horse and poultry breeding.
The annual total discharge of the rivers in Rostovskaya Oblast averages 27.7 × 10 3 km 3 , but only 10% of this amount comes from within the oblast itself (Rostovskaya Oblast Administration ). The quality of the water in the Don River, which plays an extremely important role in the water supply of the international Black/Azov seas basin, is a key issue for the densely populated region suffering a The goal of the present paper is to analyse the long-term trends in the nutrient (N and P) and suspended solids levels in the lower Don from 1986 to 2002. We report an unusual and alarming trend in these nutrients that could have serious consequences for the quality of this part of the Don River and, if not reversed, one that will create a major water management problem in the Rostovskaya Oblast.
MATERIAL AND METHODS

Water sampling sites and protocols
The water sampling site was at Razdorskaya Village mixed to provide an integrated water sample for analysis of N (NO 3 -N) and P (PO 4 -P), TP and suspended solids.
The analyses were controlled to ensure adequate concordance with international quality assurance/quality control standards and to provide the lowest possible limits of detection.
Analytical methods
Nitrate was analysed using photometric determination with Griess reagent after reduction to nitrite with copper plated cadmium (Hydrochemical Institute ; Hydrochemical Institute a). Phosphate was photometrically determined following reaction with ammonium molybdate and ascorbic acid in the presence of Sb (V) (Hydrochemical Institute b) while TP was also measured photometrically following oxidisation with potassium peroxydisulphate to phosphate (Hydrochemical Institute c). The limits of detection were as follows: NO 3 -N ¼ 0.005 mg N L À1 ; PO 4 -P ¼ 0.003-0.005 mg P L À1 ; total P ¼ 0.01 mg L À1 . Suspended solids were determined from dried material retained on a filter and had a detection limit of 2 mg L À1 (Hydrochemical Institute d).
RESULTS AND DISCUSSION
Annual river discharge and suspended solids American rivers surveyed by Alexander & Smith () were 0.05 and 0.12 mg L À1 , respectively, which were similar to the concentrations in the lower Don during the first half of our study period (Figures 5 and 6 ). However, with the steady increases in P concentrations, the lower Don River values exceeded these medium (and the 75th percentile concentration of 0.10 mg L À1 in the case of soluble P) before the end of our study period.
Application of trophic status classification to the lower Don River
While a trophic state classification system for lakes has been developed and commonly used, efforts to develop such a classification system for rivers have been more complicated concentrations declined at half the sites and these trends were more pronounced than those for N. They concluded that the extensive decrease in agricultural intensity beginning in the early 1990s led to only a slow and limited response in nutrient levels in Latvian rivers for reasons that were not conclusively identified. Therefore, the trends in the lower Don River of an initial rise of N concentrations followed by a decrease after 1996 and especially the steady gradual rise in P levels over the whole study period of 1986 to 2002 are generally the opposite to those found elsewhere. However as noted above, Räike et al. () also found that N and P levels in many rivers and lakes surveyed between 1975 and 2000 in Finland had increasing nutrient levels, especially smaller ones receiving diffuse loadings from agriculture.
Agriculture and its impact on the lower Don River
According to estimates by EU states agriculture represents approximately 62% of the N load to surface waters (from a minimum of 18% in Portugal to a maximum of 97% in Denmark) (Commission of the European Communities ).
The major contribution of agriculture to N and phosphate losses to water is also confirmed by reports under the EU Water Framework Directive (European Commission ).
It is commonly accepted that phosphate and nitrogen loads upon the environment are associated primarily with use of mineral fertilisers and/or with an increase in livestock density Hence, other mechanisms need to be considered to explain the dynamics of N and P during the study period.
Other factors influencing nutrient dynamics in the lower Don River
Atmospheric precipitation (Figure 7) and river discharge volume at the Rasdroskaya sampling station (Figure 2 ) are among the factors potentially influencing the levels of waterborne nutrients entering river water in runoff from the land.
Comparison of the data on precipitation and water-borne nutrient dynamics showed no relation (Figures 4 to 7) . Also as noted above there was no significant correlation between nutrient concentrations and river discharge. fluctuate through the years exhibiting no clear trends (Brazhnikova ; Hydrochemical Institute ).
Mechanisms responsible for nutrient dynamics in the lower Don River
Thus the mechanisms responsible for the observed long-term changes in water-borne N and P levels in the lower Don River water remain unidentified because of the complexity of possible nutrient sources and biogeochemical processes related to local and regional hydrology and land-use activities but may be clarified with further detailed studies. However, the data presented here suggest the following:
• The long-term dynamics of N and P found in the lower Don River basin differ from those reported for many other water bodies in the world;
• Even though a direct relationship between fertiliser use dynamics and nutrient levels in the river water cannot be demonstrated at present, it is still reasonable to assume that the observed long-term trends in waterborne N and P were related to the dramatic changes in agriculture, industry and other human activities of resident populations following the collapse of the Soviet economic model. To this end, it is assumed that climate change played a minor role in these changes.
CONCLUSIONS
This study of the long-term (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) dynamics of waterborne nutrients and suspended solids in the lower Don River revealed that mean annual N concentrations increased from 1986 to 1995 then decreased between 1996 and 2002. P concentrations (both phosphates and TP) exhibited a different trend and increased gradually throughout the study. N showed a clear seasonal character with maxima registered during winter. Suspended solids concentrations were greatest in spring and summer and were significantly correlated to river discharge but not with nutrient concentrations. While there appeared to be a similar seasonal trend for P this was not statistically significant. Unravelling the complexity of potential sources and pathways to account for the changes in nutrients in the lower Don River will require an extensive research programme that will have to extend far beyond Rostovskaya Oblast since only 10% of the lower Don's water comes from this local territory. The steady increase of P and declining N concentrations could produce conditions favourable for the development of N-fixing cyanobacterial blooms that could severely compromise the water quality in the lower Don River. The effects of climate change will be superimposed onto the effects of other anthropogenic changes in the river ecosystem. The absolute impact of climate change is largely unknown, but it is assumed by the stakeholders in the SCENES case study to be of lesser importance in comparison to other anthropogenic drivers. These phenomena have been taken into consideration in the SCENES case study for the lower Don basin and need to be adequately reflected in further research and in the preparation of water management plans.
